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. am]ys;s » Stress analysis, as well as preliminary static test results,

- power plant configuration consisting of four 12 inch nominal diameter
_ducted pulse-jet engines located at the tip of each rotor bladé is con- :
sidered to be capable of supplying the power required, This configurstion

TngsuunAar

‘!‘h&q rqport prssonts s sumary of' the ruults of prolinimry

- design studies of power wlant eonfigurationu for the KX-1660 helicopter
©. . potor systcn. " ,

« . On the baa:!.a of perfomnee anal.yain, duign layonts, weight

‘a T

is indicated to achisve a minimum specific fuel consumption of 4.0 and a

- _‘ signiricant degroo of noise reduction effectiveneas.

Results of a prolimimry analyais of thrust augmentation by muans
of either fuel additives or afterburning indicate that significant improve-

.menta in power plant perfomance might be. expectad with such augmentstion.

It ‘{8 shown that the close inter-relation anong tip mounted power
plant configuration, rotor structural and power requirement characteristics:
and the airframs and power control systems make it mandatory that extremely
close coordination and flexible design liaison be maintained during the
design of these components in order to obtain the most-satiafactory, best-
integrated end product -- the jet pmpelled rotor systen.

" Recommendations for future power plant development work are
also presented, . : <
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N This report presents a summary of the rosn‘lta ot powr phnt
preliminary design studies accomplished in accordance with Items 1.1.0, .
1,3.0 and 1,5.0 of Exhibit "A" of U, 3. Air Porces.Contract No. AP 33 .

. (600)-15613. This contract covers the development of the Project. u..1660
heuconter rdbor systen including the rotor tip-mounted power plantl. L

N B In addition to the results of the preliminary design studies,
. this report also presents recommendations for future power plant develop- o
mnt prograns required to dmlop the engines auitable ror this rator lystem.

I
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' Prcihtnny duun conudontiou of thn rwtor bhdu for Projut :

o -)d-l&éo rotor system, plus engine structural limitations, uubnohod tho
rol.‘l.dldu Ntor tip-a\mtcd engine design conditions: . |

Mor Rading « 42,5 tt, (to eontor:u.m of powor phnt)

~ .. Roter Tip Velocity - 500 tt/uc. e ,
. . Mo, of Rotor Elades - 4

" ‘Total Engine Net Thrust Roqnirod 2700 1\: (st. sea 1m1)

~-h¢1no Net ms Bnquirﬁd 675 1b per rotor bhdo. -

' Othor povor plnt reqnircmto are nxim thr'ult por \mit tronul.

o ';m, ainimm wight, xintmin specific fuel eonmption wd nizimm cold |

'ﬂu put sppnution of rotary wing tip-nountod pulu-jct cuinn .

- ta helizopter rotor system propulsion has been for maximum power require- -

ments of approximately 70 1b. per rotor blade at 325 ft/sec. tip speed
and as a result it has been practicable to utilize single engine confi- -
gurations, The relatively high power requirement of this rbtor system'
would require single engines of approximately 25 inch diameter which is
believed to be too large to be practicable; that is, the engine diameter
would e 80 large that high temperature areas of the engine would approach
“flat plates” which would be vulnerable to flat plate buckling failures at

“the "g" loadings imposed by operation at the tip of the rotor blades., In

addition, even though the length/diamster ratio of suth s single engine
night be similar to that of tip-mounted engines presently used, the

% .~ _absolute length of such.an engine would be prohibitive in’ thi.s application;
17 . therefors,.it is deemed sdvisable to power each blade of the MX~-1660 rotor
. system with more than one pulse-jet engine. In view of the foregoing con-

siderations it is estimated that the diameter of the engines -hov.m not

. ox«od 'Y dhonden in tho order of 12 inches,

By virtus of the large radius of tho rotor blld.l for thh ‘rotor

. system, the design tip speed may be increased considerably over that used
. in the previous, small capacity, rotor systems and at the same time the

engines will be subjected to relatively low centrifugal loadings, as pre- =
viously mentionéd., The resulting practicable tip Ip“dl is estimated to
be on the order of 500 ft/nc.

Test data, rocontly obtained, indicates that the bu:lc puln-
Jot engines presently retain good perfomnce characteristics at -spoeds

up to and inciuding 500 ft/sec.; however, at tip speeds in excess of .

500 ft/sec,, ths results of the theoretical analysis of References 1 and
2 have indicated that performance over and above that of the basic pulse-
Jot engine may be realized by anclosing the basic pulse-jiet engine(s) in

‘a duct incorponting an inlet diffuser and exhaust nozzle

a A o MmoP M YR AN
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It will be extremely mrtan‘ dnring the detail dcsign or t.hu,

. ‘a8 Hl&l.as with any other jet rrope lﬂd helicopter rotor system that the.
K Nquircments ‘of the rotor, power plants and control systems be carefully
ol and qloaqu coordinatod. Increazey in powsr. plant weight can affect the

. rotor structure and power requiremepts and,.ccnversely, any change in the -

p!bor ¢onticuration can affect the size and power requirements of the power .
plants, In order ‘that the best.invigrated, cptimum rotor system bevpron o

*gduhdd, ghg 1.pgrt.nce ot thie 11&1‘0 cannot be’ over'emphaeizﬁd-

Y For the fbr‘going rea:one 1t is bn 1eved that an arrangenznt or .
lnltiplt, dugted, pulse-jet eng:res 13 petentially best suyited to power ', 
‘the MX-1660 helicopter rotor sys sm. The dﬂuly'lﬂ and test results in - ;

' \thn subsequent sections of this ~epgr~,¢*. Lrrcented Lo substantiate

quantitativuly thia conclu-icu whirh has been arrived at qualztatively
.' , “" IARx. ¢ s .... f
3,1,1 ;gg ed Pe ftvmdn.e ubarac*e*i :ties ‘

- As mentioned gbove, tha analyﬂ s of Reterences 1 and 2 have in-
dicated that the ducted puises 17 <ng1ue will provide performance superior
to that of the basic pulse-jet erjine a% zp:zeds of 500 ft/sec, and above,
It is nacessary, however, to conrvery these pe!f:rnanu“ calculations to
actual values of engine performanis on Lhe oa51= of existing rotary wing
tip-mounted pulao-jot engine performanze,

The ‘axperimental whirl tewf d4va pré§ﬁn‘~d in Figure 1 show ¢

| that an unducted 7.5-inch diame .7 polse-oet sngins will produce & maxi-A

mum svecific thrust (based urcn max*J_n engine ~ross gectional area and’

of 5oo ft/sec,

" net thrust) of 35.5 1b/AL.1 sg." wn. -~ 0.#1 1%/en. 10, at a tip velocity = = .

The data in Figure 2 indicarp that engines of approximately
12 inches diameter will produce a speciile thruzt whith is approximately
26 percent greater than the -smaller =iz¢ (¥ %.%nhk diemeter) engines,

- Application of this scale-~up fac:-r yield? a snec1fic thruet of O 8l x

1. 26 w 1,02 lb/sq. inch,

It is anticipated tha: fur-her compsnent and applied development
of .the basic pulse-jet engine wiii {c¢onservaiivaly) improve the thrust
performance by an amount in the crder of Apprex ximately 15 percent; there-
fore, a specific thrust of 1,0& » L,id ~ 1. 8 may be expected from the
. basic, unducted pulse-jet engirs:,

‘The results of the theoreri:al andlysis of ducted pulse-jet .

englne performance, shown in.v:puvﬂ £ =f Referenie 2, 'indicate that
Such a configuration will orovii~ a I% perient wrprovement in performance
over and above that of the bazi. Eﬁg;h;(q), wnerefore; ducting of the
basic engine(s) would provids 4 wr='.¥i! thrast =f 1,18 x 1,15 = 1,36
1b/sq/ inch, '

L msEal bani
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ngure 3 shows the variation in wecific thmt v:l.th tip ep«d

e ,&atmmc 2.

X j~_m- uu due.m sngine,. ‘!’his performmw 15 baead upon tho ammiﬂ of

Pmucul mnitations, plun test results described ina. aub—

.‘ “Cmﬂﬂt n&ti.on of this report indicate that four basic pulse-jet engi.nes -1
o1 .- per rotor blade should be used, . The t.hrus* of each of the ba,aic puuo. e
3015 nn;inu \mﬂ.d thorofore ‘be:. o |

2700/& x ls = 168 7 1bsu ‘

; ll N ain of tho baaic ductod pul.es,,jet engine(a) will then be- AU

3 168,7/1.36 =120, 29 inch & 12 6 inch dimter.~ -

, rhoraforo, ‘an ueubly or rour 12,6 i.nch diametev- duct.od Dulu-:)et engines ] .

.. per ‘rotor.blade \d.ll bc required te power the nx-1660 heli opter rot.or
' '!'“‘o o N S

- . The theoretical analys ) of ducted pulse-jet engino portormance
. as presented in References 1 and 2 indidates specific fuel consumption
values of from 2,5 to 3.0.at 550 ft/ses. These values are*believed to be
more optimistic than should be ysed in conjunziion with the conservativs
thrust. performance arrived at by the foregoing analysis. Instead, it is
believed wore realistic and consiztens to assume that the specific thrust
‘performante improvement as indicated ‘above will be achieved without a
change 4n basic engine fuel flow. Referring back to the basic enginc
~ performance as shown in Figure 1, the peak thrust occurred at a fuel flow
‘of 240 1b/hr. With the specific thrust performance of the larger, ducted
_engine and this fuel flow, the estimated specific funl consunption (at

ux:lm ‘thrust) is:
- 2ho/l.k.1 x 1.36 = 4, o lb/hr/lb thmst

The part throttle specific fael consamption of the ducted pulse-"‘“

jct engine is expected to vary in a manner similar to that of an unducted
engine, Such specific fuel coneumption variation is shown in Pigure 4, -
This variation for one cf the full scale pulse-~jet engines of the ducted
"assembly in terms of thrust and.fuel flow is snown in Figure 5.

. The Tesults of frec jet tests of an ac-ual ducted pulse-jet
engine as presented in Reference 3 indicate that vhis configuration will
have a cold drag coefficient of 0.36 at 500 fu/ssc. This is somewhat
higher than would be desirable. Very ilittle ‘«'a'iation in the drag
coefficient with tip speed is anticipated,

A1l of the foregoing performancs Mtxmatea are prasented for
standard sea-level conditions. The thrust performsnce at any other alti-
tude can be determined by multiply:.ng the ratio of the air density at .
any desired altitude to the density at sea-levél conditions by the sea-
level thrust. The specific fuel coneumpiion i1 essentially. constant for

- all altitudes. These altitude performarys haracteristics  have been sub-

stantiated lyy actual static ana whirl wzsts and the substantiating alti-
tude static test data are presented in Rexc*en“ Ly




o 1'!\13 would, in tum, mmase the ra,ngn of *he heheopter.
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‘rho huio ehuracteriat i»a of the pulse 3et powor plant. are auch

A ‘.vt«lht the mintmam specific fuel consumption occurs et on'very near uximm

thrast. and gMullly increases with dectr=asing power (See Figure 4),

"' 'soms means were provided,to augment the thrust of the basic engines. :ln
_ordey to obtain the maximum power required for the hovering ceiling: cme SR

dition, then the basic pulse-jet engine size could ‘be reduced and the.

 engines could be operated at higher per:entages of péak’power -- hence at

better values. of specific fuel consumption upder cruising conditions..

'l'ht perfomnca potemia., of two pos°ible methods of d cted pulse-

AN jot mgine thrust augmentaticn were thersfcrs investigated by means of the
- Vanllysis developed and discussed in App‘ndi!. A and, B of Referonco 2, ‘

‘l'he first nethod .of thrust augmentation ccnaidered was -the.

' “addition of magnesium to the ucusl hydrocarven fuel.. This fuel combi-
" ‘nation would be similar to that reported in Reference 5. 3uch a mag-
- nesium-hydrocarbon fuel conbination will, conservatively, yleld.a com-

bustfon temperature of LOOC® R as ccmpared with 3000° R for hydrocarbon

fue) only. This increase in pulse-jet combustion temperatures would in-
crease the dusted engine thrust 10 percent. This performance improvement
in tems of specific fuel consumpticn varisticn is indicated in Figure 6.

- On the basis of the additisnal gombustion temperature alone, -
this method of thrust augmentat* on 1% not spestacular; hewever, it is

- believed possible that, due io the incandescsent particles and/or the higher

temperature, the rate of burning in the hasic pulse~jet engine might be

.~ ~increassd, This in twrn would result in a very significant improvement in.-

- engine performance, For instance, ii haz been estimated (Reference 6)° .
that if the burning time could be decreased from ,021 sec., (approx. value at

" the.present time) to .Ol4 sec., the thmst perfomanco of a given engine

would ba inerouod over 100 nercent

The second methoed cf uhrust a.zgmen taticr considered was that of

NE

BT DR

*

aﬂterbﬁrning in the aft portion of the duct of the ducted pulse-jet engine .

_combination, This conditiofi would achievs maxionm possiple overall tem-
| - . perature rise and would effect an ircréase of approximat.ely 30 per*ent in
- |- ducted englne peak thrust performar;ce, , }

Figure 6 also presenw t‘xe effect of nhis method of thrust
augmentat.ion on part throttle fuel tonsumpticn characteristics for the

_condition where the afterburner iv wused for from 80 to 100 percent of

maximum power while the pulse-jets are maintained &t péak power, The

© afterburner ‘would then be cut ou: at velow 80 perient maximum power and the
‘remainder of the t.hrottling rangs would be &c1 omplLsned with the basic

pulse-jets o
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‘hn thnc umpu dueted confignratiom ahwn m Drmdu

| Mﬂ 530050, - 530051 aid 530060 were the.main ones considered in t.m: , ‘
|~ preliminary dosign phase, It will Ve moted, that the Basic pulse-jet RN o
m@hm ‘shosm 1n these drewings are 12,0-inch in diameter as compared mu

12,6-inoh diameter units indicated necessary by the: foregoing

performance .
analysis (without thrust a

B ndl differepse. in sise, it was not deemsd puetieal at. thiu atogo t.o

RS 2

o . revise tho power phnt hyout dmwings. '

" . 'nn mlmtion of the rolative urita ot thn thm eonfigunt«iom ‘ '
o -nt ‘take.into ‘account. the infcmtion vresented in subsequent sections of = -
this report; therefore, no attempt is made to 'make a comparative evaluation

in this section, Such an evaluation is indicated in bection be. ("Su-ury
of Pnli-inu'y Doup Study lesmts".) , .

www
The configuration shown in Drawing No, saooso mmgcs the four

pulse-jet engines in pairs which.are located above and below the horizontal |
centerline of the duct, Since the engines are located radially equidistant .
. from the longitudinal axis of the duct, this configuration is heuinaftor

refomd to as the "radial configuraticn.”

- A major stx'uctuul member is located on the horisont.al center-

; line of the duct, This member contains the basic rotor tip attach

structure as well as providing a convenient peint of attachnont. for theé

- pulso-jot engines,

- The cylindrioal duct cross soction used wit.h this redial con-
figuration offers greater rigidity with fewsr reinforcing members than
the ot.hor contigurotiom considered. This in turn results in a lower

- S4nce thil raditl contiguution is symmetrical about the '
horisontal centerline, it is conceivable that initisl development of this -
full scale configuration could be accemplished using one-half of a com-
plete uunbly. '

3,1.3.2 In-line Bank Conﬂg.mm-x

The aocond configuration considered is shovm in Drawing No,
530051 and it arranges the four pulse-jet engines side-by-side as close
together as possible on the horizontal centerline of the ducted assembly.
This oonfiguration has been termed "in-line," A perspective sketch is
shown in Figure GA, ~ E

stion), This is due to.the fact that-the . |
" design layouts were initisted pricr to completion of the rotor system -
power required and subsequent engine size estimates, . Due to the rohtiwi;_“ '

m sy D AT N R R
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R A ‘!'hc mu atmeturo of t.hio hv-lim conf:lgm'ation connists ot o
4 s hax buﬁ struotore. emctw thc rotor tip Yo the fon tM m omw

. e ‘:man strdsture, e
1 SERY I  The, forward angine structural meaber ies each I:\izln-,jot ingios.
I O R ‘togmm- at the forward end of the combustion chambar, This member also -

L b prowides'the oupport tor the forvard end of the cuter duct. and its inlet
Lo KB f‘y'\'.’«"wtq“ a’

Sae e ~— ~ . ,'

Y CCRRURE! I nn aft .trnctml -cnbtr suppom tho puJ.IO-JQt onzim mx— T
3 BRI et 'pipu 4n.a mehner such that they are frée $0 axpand longitudinally,  This . "
% IRCTITEN I (ft- mbor tlso tioa tm upper and lower uctiom of the duct’ togomr. B

T 3inee the duct portion of the in-line eonrigum.aon has &
SRS I couidonbl.e anownt of ‘flat plate area, longitudinal members are addod
' bwmn t-ho nppor mdvlmr surfaces to provide a rigid asunbly.

" The third power plaat configuration considered consistod or
uungina the four pulse-jete with Yheir axes parallel to the spanwiu
" axis of the rotor blade.snd submergirg them in an airfoil section.” The
engine's tailpipes are ducted inio a common exhaust and this exhaust is
S diverted 90° aft from the rotor axis, This exhaust duct is then en-
L | closed by a duct incorporating an inlet diffuser and exhaust nozzle,
o This configuration was considered for the potentially low drag resulting
 from submerging the engines and due to the fact that the advorso offects
- of cont.r:lfugal loada on the engme tubes. would be ninimizod

wie

>

' " Since the roaulto of the 90° exhauat static teata, described
in Section.3,1,6, were not encouraging and since it-was believed that a.
-1 .~ relatively large amount of additicnal time and affort would need to be e
' expended in order to develop this configuration due to its doparturo
- from existing configurations, the preliminary.design layout shown in
‘Drawing 1. 530060, was only partially completed. Howéver, the basic
advantages of this configuration as described above, indicate that it
should receiwve further consideration in a longer range ‘program as a possi—
" ble arrangmnt for rotors having extrﬂmely high tip speods. '

« . Prosented below are the estimated. weights of the radial
(Drawing No. '530050) and the inuline (Dvawing No. 530051) multipla ducted
engine configurations. . ,
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hlu-aet In‘im cwomnt.s .
wmn Box wnd Valves

T o Ful aﬁd ir Rhu Aumbly
. '.,"-‘l‘rmition .ﬁ._._,‘ P

..~ Tailpipe Support - -
.. Weld,. 3011'.:, Gukets, etc. |

mn wmmwmmt > 52,00 1bs,

; g‘ Total Pulse-jet Engine woight = 52, oo =4 . .. 208,00 1bs,
i B Ductccaponents
I | - 1Inet Cowling
e b Center Section Outer Skin
_ : Fwd, Section Inner Skin
= " Aft, Section Inner Skin
; | . . Exhaust Cowling :
- Stripgers
g . Angles. and Clips
4 .. 'Gontox- Dividhg Sld.ns

B3sssEEEs | .

L)

F 3

»"u;—-g\';;'z'\bv [CTUR AR ]

e o

wEREERa

N.N' L 4
 owMwnooOo0000 -

s

j"rotal Duct Wcight . ‘ . "~ 109:00 Ibs.
_ Support Structure ' | |

Main Tension Members - - 3.0
) Compression Member : : . 10,0 -,
i . . 6.0
3.0

Engine Tie Members
g Tepsiyn Tie.

Total Support Stmctureﬂeight ’ Ve ‘ ‘ .33.00 1bs,
Total Power Plant Weight < .. 350,00 1bs.

N




Puho-Jet l“:ngine compononto - |
Valve Box and Vhlves e 11. . 6,00

.. Cowling - ‘ ) 1,25
. 'Fuel and Air Ring Asqembly S f150
- Venturi S0
. End Plate ) 1"H~." <o 3.60
- .* Transition .. AU ~ 19,00
~_ Tailpipe ce { LT . T 15.00
f,"railpipe Support o e 1.75 :
o 'rotn Indmduu Eng:l.ne Weight o s2.00 Ins.
"‘rota.l Pulao-Jet mgine weigm. = 52 co x " R 208 00 lba
Duct Compbnents ’ '
" Inlet Cowling .

Center Section Outer Skin
-Center Section Inner Skin
Exhaust Cowling

Internal Stiffeners

\ﬂo\g‘:;\mﬂm
o oW o

‘ Fairing : . _

" Total Duct Welght .- . o 121,00 lbs,

‘ Support Structure | ' _ ' |

" Duct to Blade Attach Strasture . 38,0 |
Forward Epgine and Duct Tens*cn . -13.0
: Member - :
I Aft Engine & Dyct Tension Member 12.0

' ‘-Total Support Structure Wbight B S 4'63.00‘ibs°'

' Total Power Plant Welght ’ S .7 392,00 1bs.

3.1.5 Eg 1g§ted tructura¢ Cn«racternq*ics ' .

Referenco 8 prosents an ana;yh 5 of the ducted pulse—jet engine
support yoke which would be-used on eitvner of the configurations discussed
above, The engine is attached %o this yoke by means of shear pins, . Tho '
engine structure consists of a baiitenup shees metal framework which
supports the engine shells in such a manner as to permit them freedom
for longitudinal thermal expansici: ané yét zupport them against the loade
developed as & result of centrifugal force, The perspective cut-away of
the structural support of the in.iine duet of multiple engines is shown
in Figure 6a, The radial cluster configuration, as desqgribed above, has

& structural advantage over the in-line arrangement in that the engines
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-Pigure 7.
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o n‘oovo and below tho rotor chord plane permitz a atmctuml shear member A e
 to pass bstwéen the upper and lower pair of onginas amd support o;ch engine’,\ AR R

mtviclmlly in s mch more efficient mnmr. ,

A more detailed atructural)analyqis will be nud¢~on sach conr“
fisuration during the detail deaign phase.. In the preliminary deeign

phau, however, only sufficient struciural checks have been made to de~ o

termine the feasibility of the configuration and appraximato waights or
tho mjor conponents. ‘ A o :

Jts of Prelimuary Static Tests ' ,

In viev ‘of the fact thab an arrangement of several engines par

rotor‘blade was deemed to be most advisable for use in powering the

. MX-1660 rotor system, static tests of multiple pulse-jet engine confi-

- gurstions were conducted in order to gain some ineight into their per-

" formance cha*acteristics. These tests were conducted with numbers.of
‘engines varying from one through five, Arn exisbting 6.75-inch diameter
ongine design wis used in these {ests, : . o

The engino control panel used for thees ‘tests is shown in

AThe first phase of this test program‘was devoted £6 an in-

. dividual static performance calibraticn of each of the five 6.75-inch

diameter pulse-jet engines, A typical engine calibration curve is
.presented in Pigure 8, The tlirust data are presented in the form of
thrust per unit frontal area of the angine(s) in order that the per=-
formance of the multi—engine conflguratxon« may be more direﬂtly

- conparable.

' Results -of initial tests of a dual engine configuration wherein
the engines were located as closely togetner as possible indicated that
the engines synchronized that’ is, the engines operated ai,the same
frequency but their explosions were pra:cd 133% apart, and an appreciable
reduction in fundamental frequency noise level was obtained. -Quantitative
“data - soncerning this noise reducticn are oresented in Reference 7. 1t
was decided  to determine at what maximum distance the engines could be
located with respect to each other and =till revain synchronized operation,
The .results of these tests showed tha: twe 6,75-inch diameter engines

maintained positive synchronization at spacings up to 9.0-inches betiwsan -

the centerlines of the enginee. At spacings gweater than this the enginss
sometimes fired 51mu1taneously and at other iimes they syncronized. There
was no significant gain or loss in spezific thruet with or without syn-
chronized operation; however, as vrevisusly mentioned, the sound level of
the engines was noticeably decreased with ﬂynnhronlzed operation,

@NF KBEG&THA&.G
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In view ot the foregozng r¢~n1 s ths ba]anﬁa cr the in-lino

o ngtnn canfigurnblona up to the total number o 5 as shown in Figure
8, 9iand- 10, were tested with a upacing sf 7,25 anch between the center-
+ " lines-of the 6,75-inch maximum diamstey enpinés (combustion chamber walls - .

* ' 4 inch apart). The results of these tesie are shown in Pigures 11 through - .} |
13 and Qulitative cdmnantb con"arnxng the var1oua contignrationa arc TS P

‘-Ffesentad balov. S T . A R

m.—“

coh rax on SR 'f: ‘ “*' ~; - Remar ﬁs

2 Inpline Engines o Engines. *tarteq easily and synchroniznd

- when fuel flow was stabilized» sound leVel f”il'

l‘e"n l-w'alj Lﬁwq T

-3 In-line Engines =~ .~ m;gﬁn«; .uuwfdd ea"lly, nonusynchronized
‘ : . : soanding, cutbcard engine appeared -to :run.
‘rough-and sound level higher than with 2
. engines °Jnchronlzed

'h In-line Engines ' Engines apneared toc é&nchronize and '
. ' uugra 1on wa¢ smeith; sound has a high-
ch tcne, ﬂnglnﬂ: started easily.

5 In-line Engines ung¢ne5 started easzly, engine- operation
$ smeoth with no pulsing noticed; appeared
vo have lowsr piteh than the h engine.
* ; : . ‘unflgurazzonn

-

_The test data indica*c whg’ peuier part thront;e Speclflc fuel |
consumption is obtained by thrctzling all emgines uimultaneously than

. by. step throttling of individual engines, howsver, in no case was the

specific fuel consumption of multiple engines better than that of the

.basic, single engine."

Figure 1 presents Lhe peak ‘P“Llf*. thrust varlatlon as the .
number of engines was increasec, Thi: i.gare shows only a slight change-

~ in peak specific thrust with the change n the mumder of engines.

In view of the poten*ial we 1gu.‘¢d"zn,ages of. the radial engine
configuration described in Section 3.1.4, 1t was deemed advisable to -
check the static performance cof sush & venfiguratign. . Four engines were
mounted with 7.25 inches between their herizontal centerlines and 11.75
inches between their vertical cereriinss, The Gata cbtained from statie
tests of this configuration are presentea xn Frgure 15. This arrangement

appeared to be slightly better than i%s .n~-line couancerpart from.the stand-’

point of smoothness of operation, genzrally lower scund level, and a slight
indication of better overall thrcr-ling hara:tor*-tiwa
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B The nnxb atatic uqsta were keyed to the preliminary design con—‘.ﬂ
S B aiﬂorstion of‘the 90° exhaust configuration previously mentioned in )
"7 Sestion 3.1.3. As with the previcus, muliiple angine tests basic 6,75-
* 1o - inch maximum dlameter engines having a neminal static thrust rating of‘
i7l“~3h~35 poundl were used in these tests. | PR

. N . |
The static thrust v, £uel flaw charae eriqtica of the v;rious

. opouhle configurations are given in Figurrs 16 through 25 which are keyed
“to the configuration. rumber aasigﬁ~d in the fu;lcwirg brior discussion of

”fga:.t...ch configurationz

Lo

Configuration I consisted of a °1ngxe puxse—iet engine having

the acoustic irregularities of ihe small radius bend in the tailpipe.

~ ‘This sharp bend could be expected ts cause secondary reflected waves which -
. ..are not in pahss with the primary reflected wave and honce, a resonant '
© . system uill not be established.

Configuration II consisted of a single 6, 75-1nch diameter cngine

"with a large radius 90° bend, n¢ -enterlims of which was located at the

mid-point of the tailpipe, Th¢s configuretion is shown in Figure 27.

. This engine was operable, but as showd in Figure 16, the thrust was low

and the specific fuel consumpiicn rnigh. <The noise level did not sound
particularly high. The reduced performance of -this configuration as com-
pared with the conventional 6.75-inch diameter engines conld possibly be
explained by roaaoning similar 4o ’hat presented for Configuration I,

The fact that resonanae was established with~this contiguration,

'wheroas it was not with the previcus one, 1s probably due to the larger

bend radius and also the longer straight secticn aftex the bend, . Both of
these factors would tend to reduce the ‘nte“£e*ence effects of secondary
rerloctiona. :

The family of engines he ereinafter referred to as Configuration
IIT is characterized by two identiial paraliel 4, 7f-inch diameter engines
having their tailpipes directed into a common exnaust duct,

Configuration III-A consizted of dusi engines having the tail-
pipes directed into a short exhaust aurt as sncen in Figure 28, - This
configuration world resonate wuwn ertnsr of the engines were operated
sevarately; however, it was impossibi~ 7o ran bcth engines simultaneously.
The single engine thrust performar:s, as zhows n Figure 17, was far below
that of the basic conventional ©.75-in.- u.ameter engine and resonance
wag erratic with single engine op=v.riomy .

Configuration III.B was vsry s.mrlar to Cenfiguration III-A,
with the excveption that the exhaast d.. - was exiended several diameters

.as shown in PFigure 29, This ceufigar at:on resonatad with one engine

operating as well as with both ngaass rurnqion sowulitanecusly. The
static verformance of this aon5¢¢43121‘u ¥ .zhewn in Figurss 18, 19 and
20, Qualitatively, when one wrniine wal “pevatirg alore, the resonant

R 3 !hort ‘radius 90° bend close tc¢ the 2nd of the tailpipe as shown 'in Figurq“""’
. "26, This engine would not ressnc’e. Failure.io do s¢ was probable due to

r oG« FsDE®TIAL
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o frqqponcy appuared to be appPOX¢m3fP*j the
'inch diameter angine- Howsver, with both. engines ‘operating :simultanecusly
U the. oper;ting frequency was lowersd notizeably, ' Wath simultaheous engine ‘
- -opsration the engines apparently fired simultaneously with an operating
_ . frequency which it is believed would correspend to an engine having an
‘ ;’, onr—all l.angth of the engine olus the oxhaua‘ tailpipo. \

SONFIDENTIAL"

u
\0

e as that of,thp basic 6,75-

- consisted of the long exﬁaust duct with &

. ”3’909 bend nddod at. the aft end as stiown in Figuro 30. riguroo 21 and 22 .

......

";f;(_shoun in these figuros very low valuea ot thrusn were measurld In tact,
- the meaSured maximum thrust with ots engine operating alono was approli—
‘ Affmately;eqpal to ‘that uith both engines cnara+ingg' y

. .Configuration III-D consisted of the ﬂomponents usod 1h Con-
riguration III-C, except that an exit nozzle having a minimum area of

O ikl times the exhaust duct area was added at the downstream. end of the

assembly, It was not poaaible 1o establish resonance with either single

or the dual engines.

Conf;gggggion III-E cconsisted.of a short exhaust duct.with a

| 90© bend as shown in Figure 31, It was only possible to operate one engine

at a time with this configuration ard the resulting nerfbnmance with each
of the two engines is shown in Flgurh 3. : .

onf;gurat;on III-F was. the same and III—E except that the

faxhaust nozzle. from Configuraticn III-D was addsd as shown in Figure 32,

It was not’ possible to ob“ain rescnant operaticn with this corifiguration,

on at I—G consisted of the short exhau%t duct with the
exit nozzle previously used. Again it was impossible to obtain resonant
operation with this configuration which is shown in Figure 33,

Configuration III-H is shown in Flgurs 3L and it convisted -of

‘the 1ong exhaust duct with the sbcve menticned exit nozzle, It was not
possible to obtain resonant operation with thae configuration.

antigggatiop II-I was ideniical teo Configuration I11.D, except

that the exit nozzle area was increased to .70 times the. area of the
exhaust duet. It was not poseible to obtain rescnant operation with this

configuration,

Configuration III-J was the sams as Configuration ITI-I, except
that the exhaust nozzle was divergent with an exit.srea of 1.78 times the
exhaust duct area, With this confngurntxan, 1t was possible to operate
each pulse~jet singularly and beth pulse- jets simultansously, The test data
obtained on this configuration are shcwn in Figures 24 and 25,
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'rhe rraquency or opemtion with both pulse-Jet enginas m-omtinc

L was, meh lowsr than with either operating al om.-,, ‘The two onginu a.ppnrmtlr T
i nm aiinltmeoush. . , '

m of the foregoing configura* ions ha\ring convorgont cxhomt

\nouln. failed to resonate; This is probably due to the mogzle '-est.rict.ion “

adversely affecting the reflected wave action such that operation was uot.

" possible; It will also be noted from the test data that.in all the 909
' and common exhaust configuratiocns, thrust performance was not as high as
- “'that obtnmd \d.th t.ha buic, conventiona.l pulee-jot angine. o
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‘l‘ho on;i.no portommco amlysi- presﬁn*ed herain 1ndicutos thnt
mlt:lplo ducted pulse-jet engines :onsisting »f 4 — 12,6-ihch diameter-

" " engines per rotor blade will provid« thy power required for the MX-1680 -
.+ .halicopter rotor system. The specifie fusl consumption at n.:d.m pouhr '
u Mcutod to de approxiu*)el,v 4.0 lb*/hr/lb of thmt. R

‘nu'ult augnontntion may p*-ov* de 4 means of mproving tho

cruil!.u range of a helicopter powered by ml*iple ducted pulse-jet power L

plants and’at the same tine reduce the size and wight ol the ongi,ne

| ‘“m.'o ‘

‘l‘ho redial mltiple duct~d pulse. Jr-t engine conriguration has

. bnn Mientod to be ughter than ‘%ns in-line configuration.

'l'ho poquibifu.ty of adverze asrcdynamic efte ts resulting rrom

forward. fh‘.gh‘ on the radial engine may -

favor the in-line configuration, ‘It 1s helisved ‘that the more-nearly

"two-dimensionel® characterictice of the in-line -cenfiguration will make

it less sensitive to yawed flow in forward fiight than the radial confi-

gu!‘ati.on. It is recommended that the configuraiions of both types of
gdetail ‘design rhase. h

. Preliminary statz.c test -data indicate that the perfomance of the
radial configuration is slightly bstier than that of the in-line confi-
gurationa, In either case, bettér noise control is achieved Wy using

| . even numbers of engines, . Belter PATL throttle Suel consumption resulte

when all of the engines of an assemdly are tnroeltled simultaneously .as .
compared with the case where -one, or more, engines are maintained at

.. peak thrust and the remaining unit(e) are operated at part t.hrottle.

The results of static tests of sevsral §0° exhaust single and
dual engine configurations were not sncoursging.
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It. is utmtod, roughly, that tha dovelopmnt cffort. roqu_rad

P ‘fb!' tho dﬂvolomt of high power multiple ducted pulse-jet power plant -

: increases in approximete proportion to the power increise obtained over . .
- previous development engines. The amount of funds presently allocated tor
power plant development under the present contract is believed therefore,

- te: sent an insufficient amount to completely develop and fabricate

, ‘tho t 1 povor units for the test rotor.

. ' At the prnont timo it is believed. tha‘ the grea.tut uncortaint.y
- 4 the performance estimition of multiple ducted pulse-jet engines is in
| evalvating the actual improvement in performance which can be obtained = = .
" .through the use of the aerodynamic ducting. It is believed that the great-
" est returm by vay of technological improvement for a given amount of . -
funds available for power p.ant development. under the present program can
be obtained by investigating the effect of ducting on operative models
approximately one-half full sige; Thie technique permits the use of
existing pulse-jet engines in determining the effects of the ducting,
structural configuration and acoustical coupling on the engine performance
before constructing the ‘full-scals power units, a

. Y

It is uco-endod therefore, that the funds presently available
* for the development of power plants under the present contract bs directed
" towards obtaining early substantistion of the theoretical pulse-jet engino '
performance improvement obtalnable by ducting. In view of the limited .
. funds available. and present whirl test facility limitations, it is o
~ suggested that these development tests be conducted on scala operatin
models of approximately one-hslf full sige.

It 'should be enphuizod that the above roconmnde.. program ,
implies that following completion of development tests on the scale model
‘ducted pulse-jet assembly, there would be no funds available under the
present contract allocations for the development either of a full-scale
~ individual pulse-jet engine or fabrication of the final full-scale ducted
multiple pulse-jet engine power unit for the test rotor,

-

In view+of the limited funds available for power plant develop-
ment under the present contract, the supplementary development work
indicated, very briefly, in the following sections is deemed necessary to
insure that auitable power plants will be developed: for the MX-1660 heli-
copter rotor systea, It should be noted that this supplementary develop-
mont work excludes that which is covered by "component" development work
similar to that being accomplished under Contract No. AF 33(600)-5860,
‘which it is assumed will be contirued in erder to contribute 'oo the t.ype
of po\nr plant required for this rotor =ystemo

BOMEFEIDEMTIAL
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Mc qu;_g Development |
e basic 12—1nch nominal dianoter engine devolopnpnt should

. ke mmuod in oonjunction with its application to .a full scale mltiple
' ,dnctod engine anbtmhay'auitable for propulelon of this particular rotor

m_nnmmm of nucted '

It. is mtd.cipated that most of the basic ducted en;ine pameters

qtfbétiﬁﬁ performance can be investigated mcst economically with operative

‘models under a component development progrem; however, it is. further

' anticipated that checks of these parameters ae well as detailed develop-

"ment will be necessary with the full scale engines. Suck checks and o

- development work are thoretore recommsrqsd as A part of the supplomontary ,
o devolopunnt work, - )

502.3 Structural Develqpment

As with the ducted engine performarics parameters, a limited
amount of structursl data may be obtained from the component development
work with ducted models, however, a ccansiderable amount of applied
structural development of the specific configuration to be used on the
MX~1660 rotor system is anticxpateu shcald be provided for in the supple-
nentary development uork.

5.2,_1, Investigation of Thn a., Augmen‘ ation Methods

It is strongly recommended that thru augmentation methods

similar to, .but not limited to, those indicated in Section 3, 1.2 of this
- report be the subject of further analysis and qevclﬁpment test inyesti-

gations,

Investigatior of Methcds of Rﬁducigg Cold Drag

" - Reference 9 shows the importanie 6 tha cold drag parasite area

-(which is the product of cold drag coefficient and powsr plant frontal

area) on the autorotational characteristiss of the subisct rotor system.
It is shown that the cold drag coefficient estimated in Paragraph 3.1.1
together with required frontal area of the pulse-jet power unit produces
extremely high rates of descent. It .s& recommended that an early experi-
mental verification of the cold drazg .oeffizZen’ be obtained and if the
estimate is of the right crder «f mepn:<ide, reans of sufficiently re-
ducing the deag coefficient he znvest;gakeaﬁ 1% 1¢ shcwn in Referencs 9
that a target drag coefficient cf more wearly .10 should be realized in
order to botain satisfactory autoronational performancs, Possible ways
of reducing the cold drag coeff:cient ir.luds fzirirg of the inlet to
shut-off the internal flow andscr falrimg of the exit in order to reduce
the high drag associated with the %Wi-ryt gerodynzmic base, Preliminary
efforts shouid bs directed towards d:.erm‘nfﬁg +he gaings poszible using
these fairings and if these are r-.gfomar 25, tnen fursher investigation
should be made to determine the msachar..al ‘umykﬂxlty of & device to
accomplish this fairing automa:tz:aily 1o vowsr plant shut-off,
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. tical mdol and elsctrical analogu
. under Contract AP 33(600)-5860 would enabls the sconomical and rapid in-
' ‘vestigation of mamy problems associated with multiple ducted pulse-jet

- engines, TFor examply, the problems asaociated with noise contrel,
|.. acoustical coupling, effect of ducting acoustics on engine performance,

. and many other-items: could be evaluated qualitatively if not quantitas . - Co

- -tin]q throqgh the. use of theu teehniquoa as appliod to pulao-Jet engims. S

CCONFIDEMTIAL

2,6 _App) ct ;:;t.a' of‘-&c‘oustix.:ai node;amslectrical}.nalmg E
It is bqliwod that tha mtelhgtnt applieattcn of the new Acbuﬂ-‘ L
e techniques. already being deyeloped - -
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o Reference 4

'Karquardt Adreratt Co, Rtport No, PP-ll

. i
-
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_=-,1Pro3-et Squid Rtport, CAL-36, "\n evaluation of Pottntill S
a loritn of Ducted Pulse-Jets", datcd Octobor 1%9 L ‘

wqunrdt Aircmrt Co. Bnport No. PP-’I, "Thoorotiul studiu o :

.. Associated with Pulse-Jet Engine. Dﬁclopnent" datod 26
' ‘Stho-bar 19&7. - .

~ . ) [

© Reference 3i

"Sunsry chort "
Donlopnont ‘roats of Pulse-Jet. Engi.nos,' dated 26 llovnbor

' 191;7.

Anorican Helicopter Co., Inc., Raport ‘No. 163-5-2 datcd

' . 20 December 1950, entitled "Altitude Porromncc md o

Operationll Tonts ct Pulso-Jet Engines."

- Reference St
o BQfQ#&' s
| Rofo,r,énci 7:

© Raference 8:

ﬂi_foronéd 9:‘

' RACA Report No. RM-E-51C23, "Preliminary: Eul\utiou of the =
" Adr.and Puel Specific Impulse Characteristics of Several
' Potonthl Ramjat Fuels"”,

dltod 2 May 1951. ..

Jot Proptllod Missiles Panel hport No, 303, "'rho Inter-
nittent Jct. BEngine.®* .

American Melicopter Co., Inc., Report No. 163-1(—3 , dated

10 September 1952, "Results of Tests. of Puln-Jot Engi.no
Noise Cmt.ml Conr:lgnntiom" _

" American Helicopter Co., Inc., Raport No, 175-8-7 s datod

1 November 1952, entitled "Prcliminary Struotml Analysis

‘of MX-1660 Holicoptcr Rotor System."

American lioucopter Co., Inc., Report No. 175-!!-6 dated
1 November 1952, entitled "Preliminary Aorodynuic ‘and
Porfomnce Amlyaes of !(x-166o Helicopter Rotor System."
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